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FACTORS ASSOCIATED WITH LESIONS OF THE BRAIN
THAT FOLLOW INTRAVENOUS INJECTION
OF THROMBOPLASTIC SUBSTANCE*
R. KATZENSTEIN AND H. ARNOLD
The symptomatology and pathology of lesions of the brain fol-
lowing the injection of thromboplastic substance, as has been pointed
out,10 cannot be attributed exclusively to thrombi or emboli in the
cerebral vessels. The quick recovery from unconsciousness and the
absence of thrombi in the cerebral vessels as well as the general
nature of the lesions indicate rather that a temporary disturbance of
the cerebral circulation may be of significance. In support of this
concept is the fact that thromboplastic substance exerts a profound
influence upon the coagulation time of the blood as well as upon the
circulating blood volume, as indicated by changes in blood pressure
and in the fluid and protein contents of the blood. A sharp fall in
pressure accompanied by increasedredcell volume and loss ofplasma
protein occurs in a manner similar to that noted following the injec-
tion of histamine.8 It would appear, therefore, that changes in
circulatory dynamics with the consequent anoxia, as well as the
thrombotic phenomena must be considered as factors in the produc-
tion of these cerebral lesions.
The experiments to be reported were designed to determine the
relative importance of these two factors and to ascertain, if possible,
whether there were still others to be considered in the interpretation
of brain lesions produced by the injection of tissue extracts.
Materials and methods
Histamine was chosen as the control agent since it does not give rise to
thrombus formation. Histamine chloride in a 10 per cent saline solution (10
mg. per cc.) was employed and was injected intravenously. The thrombo-
plastic substance utilized was a saline extract of the dry powder obtained from
acetone treatment of minced beef testicle.
Dogs were used throughout. The animals in the first group received
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either one or several large doses of histamine over a period of days. Those
in the second group were injected daily over a longer period with the same
substance. In this case the initial small dose was gradually increased in order
to develop a state of tolerance in the dogs and thus avoid the circulatory
changes and symptoms generally associated with the injection of this material.
A thromboplastic substance was used in the third group in sufficient quanti-
ties to produce severe clinical symptoms and cerebral lesions.
The symptoms and signs following the injection of massive doses
of histamine are sufficiently known and will not be described in
detail. Reference is made to a previous communication in which
the symptoms following the injection of thromboplastic substance
have been described.10
Results
Group I. Injection of single or massive doses of histamine.
This group contained 13 animals. The extent of the cerebral
lesions encountered was directly proportionate to the severity of the
clinical symptoms. Eight animals of this group were rendered
unconscious by one or more injections and four of these showed con-
siderable structural change in the brain. A detailed report of the
clinical course and anatomical findings of these four follows:
No. 767. A characteristic severe and protracted reaction fol-
lowed the injection of 50 mg. of histamine. The animal became
completely flaccid and unconscious. The unconsciousness lasted for
two hours and there were a few attacks of generalized spasticity
lasting for a few minutes. Recovery seemed complete. The
experiment was terminated 13 days after injection. Except for a
slight dilatation of the ventricular system of the brain no lesion was
seen with the naked eye.
On microscopic examination, in scattered foci, neurons were found
to be decreased in number or completely absent and replaced by
glial and capillary proliferation (Fig. 1). Chronic and ischemic
ganglion cell changes were also scattered throughout the cortical
gray matter. In addition, perivascular collections of small round
cells were noted. The caudate nucleus showed several patches of
extensive anemic necrosis. In these areas the neurons had disap-
peared and glial "Gitter" cells and proliferated capillaries were
present about their margins (Fig. 2). The right cornu ammonis
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formation had suffered severe damage. The neurons of Sommer's
sector were replaced by swollen glia and by capillary proliferation.
Several of the small vessels were collared by small round cells;
The "endplate" as well as the resistant band were preserved but a
number of the ganglion cells of the latter were shrunken (Fig. 3).
No change was encountered in the left cornu ammonis. The gran-
ular layer of the cerebellum had a moth-eaten appearance. Glial
and capillary proliferation was found in the molecular layer over-
lying these areas (Fig. 4). The Purkinje cells, in the areas of
destruction in the granular layer, had disappeared and were replaced
by proliferated Bergmann glia. Elsewhere the Purkinje cells were
intact. In no instance were occluded vessels found.
No. 666 received 7 injections of histamine on 8 successive days.
Three of these injections were followed by the characteristic state
of unconsciousness and the animal succumbed 4 hours after the last
injection. There were no macroscopic changes. Histologically,
patches of necrobiosis and nerve cells with "chronic cell change"
(corkscrew forms) were found scattered throughout the cortical gray
matter. Both Ammon's horn formations were intact.
No. 809 was injected 7 times with doses ranging from 40 to 80
mg. Three of these were followed by unconsciousness which lasted
from 1 to 3 hours in each instance, and the last attack terminated
in death. There was no macroscopic finding in the brain. Micro-
scopically, however, focal fibrous thickening of the meninges and
occasional infiltrations of small round cells around the pial vessels
were noted. Multiple areas of ischemic necrosis were distributed
throughout the white matter of the cerebrum. The largest areas
of this type were found in the frontal and temporal lobes, and were
associated with marginal "Gitter" cell and capillary proliferation.
In addition, glial nodules were found in the white matter of the
temporal lobes. Collars of small round cells were seen around
many of the vessels adjacent to the foci of necrosis, and endothelial
cells and many capillaries in these regions gave evidence of prolif-
eration (Figs. 5, 6, and 7). No occluded vessels were found.
Ammon's horn and the cerebellum were intact. There was neurono-
phagia in the caudate nucleus.
No. 632 received 8 injections ranging from 20 to 70 mg. Five
of these were followed by the characteristic state of unconsciousness
and the animal failed to recover from the last attack. No appre-
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ciable lesions were encountered onmacroscopic examination. Micro-
scopically, many foci of softening with macrophage infiltration and
capillary proliferation were scattered through the cerebrum and
cerebellum. There were collars of lymphocytes around blood
vessels. Purkinje cells and cells in the adjacent granular layers of
the cerebellum were destroyed. Nowhere were occluded blood
vessels found. The vessels were free of hemorrhages, but peri-
vascular lymphocytic infiltration was common.
No lesions were found in two animals that died shortly after
injection. One animal survived for a single day and showed neu-
ronophagia in the caudate nucleus. A single animal survived to the
7th day without demonstrable histological change.
The lesions encountered in the animals that were not rendered
unconscious by the injections are charted in Table 1.
Group II. "Histamine-tolerant" animals.
The question whether tolerance to histamine can be increased
remains unsettled and reports denying" 6, 9 and confirming2' 6' 7
the possibility are found in the literature. The present studies indi-
cate that the reactions to the injection of histamine become less
violent with repeated injeciion of the same quantity and further
that by starting with small amounts and gradually increasing the
dose, animals can be trained to withstand quantities of the drug that
would have produced severe prostration or even death in untreated
animals.
Eight animals are included in this "histamine-tolerant" group.
With a single exception only chronic ganglion cell changes of minor
significance were found in this series. The pertinent clinical data
and anatomical changes are presented in Table 2.
Group III. Injection of thromboplastic substance.
The symptomatology associated with the injection of thrombo-
plastic substance has been described.1" The immediate effects indude
difficulty in breathing, nystagmus, loss of sphincteric control, and
unconsciousness, and these may be followed by residual weakness,
inability to stand, and temporary or permanent paralysis.
The lesions encountered in the present series were similar to
those reported in the paper referred to a!bove. They included
hemorrhages, chronic cell change, necrobiosis in Ammon's horn, in
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the cerebral cortex, and in the basal ganglia, and foci of encephalo-
malacia. Thrombi in cerebral vessels were seen in a single case.
Sample protocols follow:
No. 806 was injected 25 times with a total of 580 cc. Three
of the injections were followed by unconsciousness which lasted one
hour, and 16 by collapse lasting up to 20 minutes. Nystagmus was
observed after 18 injections and the animal succumbed soon after
the 25th injection. Fresh thrombi filled all the veins beginning at
the point of injection in the right foreleg and extended into the
right heart and the main branches of the pulmonary artery. A
focus of softening, measuring 2 mm. in its largest diameter, was
found in the right caudate nucleus. A moderate degree of hydro-
cephalus was also present. Microscopically, there was scanty focal
lymphocytic infiltration in the leptomeninges. The most striking
lesion was an old cystic focus of softening, surrounded by a conden-
sation of the interstitial glia in the caudate nucleus (Fig. 8). In
addition, there were glial scars and focal loss of neurons. Other
glial scars were seen in the internal capsule and in the right Ammon's
horn (Fig. 9). A fresh'perivascular hemorrhage was present in
the right internal capsule. Occluded blood vessels were not seen.
No. 618. Five of the 15 injections were followed by collapse
and all of them by nystagmus. The experiment was terminated on
the 15th day after a paraplegia of the hind legs had persisted for
2 days following the last injection. Organizing and fresh valvular
and mural thro;mbi were present in the right heart, but there were
no lesions on the left side. This is noteworthy because similar
old and fresh thrombi were found in the renal and splenic arteries
associated with organizing anemic infarcts of considerable size in
both spleen and kidnev. The cerebral findings consisted of areas
of softening in 'both caudate nuclei and in the cortex of the right
frontal lobe. The left temporal pole was paper-thin and lined a
large cystic space that communicated with the lateral ventricle.
Microscopically, the foci of softening closely resembled those seen
in No. 806, with the difference that one pial vessel was occluded
by an organizing thrombus.
Necrobiosis and glial nodules were found in No. 807. This
animal received 5 injections of 35 cc. Four of these were followed
by collapse and in one case by a transient weakness of the left side.
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At autopsy thrombi were found in the right heart, the pulmonary
artery and in branches of the portal vein. Microscopic examination
of the brain revealed patchy disappearance of ganglion cells with
glial nodules in the caudate nucleus. Foci of necrobiosis were
present in the cerebral cortex and patches of necrosis associated with
marginal glial andcapillary proliferation were seen in the subcortical
white matter. Glial nodules were also found in the nucleus
amygdalus.
Necrobiosis alone was found in No. 813, which received 4 injec-
tions over a period of 5 days and died on the 6th day of observation.
In the brain of this animal irregular foci of disappearance of
ganglion cells were found throughout the cerebral cortex. They
were not accompanied by glial or capillary proliferation (Fig. 10).
Comment
The pathogenesis oflesions ofthe nervous system associated with
the injection of thromboplastic substance remains unsettled, but sev-
eral of the findings described in this paper contribute to an under-
standing of the problem.
Inasmuch as the injection ofthromboplastic substance in heparin-
ized dogs fails to cause cerebral changes, the possibility must be
considered that the lesions in normal animals may arise on a basis
of intravascular blood clotting. With this point in mind, the brains
involved in the present experiment were examined with great care.
Thrombi were found with great rarity and, for this reason, it would
appear that the mechanism concerned was not one related to altera-
tions in blood coagulation.
Injections of histamine and of thromiboplastic substance are both
associated with vasodepression and it is conceivable that the cerebral
lesions found in both instances may arise from the consequent anoxia.
It is significant in the case of histamine, at least, that tolerance may
be developed and that cerebral lesions are found only in association
with marked and protracted vasodepression. A similar mechanism
is indicated with respect to thromboplastic substance. However, in
thiscase, the brain lesions are more extensive than are those observed
following histamine despite the fact that the vasodepression obtained
with histamine is much more protracted. It would appear, there-
fore, that someadditional factor is operative in the production of the
cerebral lesions consequent to the injection of thromboplastic
substance.
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Summary
Cerebral lesions analogous to those following the injection of
thromboplastic substance may be produced with histamine.
Their extent is much greater with thromlboplastic substance
despite the more protracted reduction in blood pressure following
the injection of histamine.
Vascular occlusion is never found after histamine injections and
only in the rarest instances after injections of thromboplastic
substance.
It is suggested that factors other than alteration in pressure or
coagulation time of the blood may be involved in the production of
the lesions that follow the injection of thromboplastic substance.
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FIG. 5. Dog 809. Large zone of ischendic necrosis in subcortical white matter of frontal lobe.
Note vascular and glial proliferation. Nissl stain, X 50.
FIG. 6. Dog 809. Focus of ischemic necrosis in subcortex of temporal lobe. AMarginal glial
and vascular lproliferation. Nissl stain, X 45.
FIG. 7. Dog 809. Higher magnification of the focus of ischemic necrosis in Fig. 6. Nissl
stain. X2100.
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